Abstract. Type 2 diabetes mellitus (T2dM) is a metabolic disorder. Numerous proteins have been identified that are associated with the occurrence and development of T2dM. This study aimed to identify potential core genes and pathways involved in T2dM, through exhaustive bioinformatic analyses using GSE20966 microarray profiles of pancreatic β-cells obtained from healthy controls and patients with T2dM. The original microarray data were downloaded from the Gene expression omnibus database. data were processed by the limma package in r software and the differentially expressed genes (deGs) were identified. Gene ontology functional analysis and Kyoto encyclopedia of Genes and Genomes pathway analysis were carried out to identify potential biological functions and pathways of the deGs. Key transcription factors were identified using the WEB-based GEne SeT AnaLysis Toolkit (WebGestalt) and Enrichr. The Search Tool for the retrieval of interacting Genes (STrinG) database was used to establish a protein-protein interaction (PPi) network for the deGs. in total, 329 deGs were involved in T2dM, with 208 upregulated genes enriched in pancreatic secretion and the complement and coagulation cascades, and 121 downregulated genes enriched in insulin secretion, carbohydrate digestion and absorption, and the Toll-like receptor pathway. Furthermore, hepatocyte nuclear factor 1-alpha (HNF1A), signal transducer and activator of transcription 3 (STAT3) and glucocorticoid receptor (GR) were key transcription factors in T2dM. Twenty important nodes were detected in the PPi network. Finally, two core genes, serpin family G member 1 (SERPING1) and alanyl aminopeptidase, membrane (ANPEP), were shown to be associated with the development of T2dM. on the whole, the findings of this study enhance our understanding of the potential molecular mechanisms of T2dM and provide potential targets for further research.
Introduction
Type 2 diabetes mellitus (T2dM) is a metabolic disorder characterized by hyperglycemia caused by a relative lack of insulin. The number of cases of T2dM are increasing worldwide and it has become an important health concern. according to a survey by the international diabetes Federation, the prevalence if T2dM is expected to exceed 10% of the global adult population by 2040 (1) . The main causes of T2dM are insulin resistance and an insulin secretion defect. The majority of patients with insulin resistance are obese and exhibit symptoms, such as slight fatigue and thirst in the early stages of T2dM (2) . research suggests that alterations in multiple genes and signaling pathways are involved in regulating the development of T2dM. However, a lack of research on the precise molecular mechanisms of T2dM progression limits the treatment efficacy of the disease at present. Therefore, understanding the molecular mechanisms of T2dM occurrence and development is of utmost importance for non-invasive diagnosis and targeted therapy in the future.
Pancreatic cells, particularly β-cells, play an important role in the occurrence and development of T2dM (3) . initial-phase insulin secretion dysfunction in pancreatic β-cells is the primary feature of T2dM. a number of studies have explored the factors that contribute to impaired pancreatic β-cell function in T2dM, including endoplasmic reticulum stress, lipotoxicity, mitochondrial dysfunction, oxidative stress, low inflammation of islets and glucotoxicity (4, 5) . For example, Park et al (6) found that the deposition of islet amyloid polypeptide (iaPP) upregulated the Fas receptor of pancreatic β-cells and initiated an apoptotic cascade. although pancreatic β-cell damage is observed in patients with T2dM, the mechanisms and signaling pathways involved remain unknown. Bioinformatic analysis of microarrays enables the overall analysis of differentially expressed genes (deGs) in the development of T2dM. Marselli et al (7) , gathered pancreatic β-cell samples from tissues by laser capture microdissection (lcM) and detected deGs between patients with T2dM and normal donors. However, the interactions between deGs, in the present study, we selected GSe20966 from the Gene expression omnibus (Geo) database, and used the limma package in r software to screen deGs. Subsequently, we analyzed the Gene ontology (Go) functions and Kyoto encyclopedia of Genes and Genomes (KeGG) pathways associated with the resulting deGs. Moreover, a protein-protein interaction (PPi) network of the deGs was established and TFs were selected. We also identified core genes by a comprehensive analysis.
Materials and methods
Microarray profile data. The microarray dataset GSe20966, based on the GPl1352 platform (affymetrix Human X3P array), was obtained from the Geo (www.ncbi.nlm.nih. gov/geo/) database. The GSe20966 dataset was provided by Marselli et al, who collected pancreatic β cells by lcM (7) . in addition, 10 non-diabetic samples and 10 diabetic samples were used in the microarray.
Identification of DEGs.
The original cel GSe20966 data were pre-processed into expression estimates and background correction was then performed. A CEL file generated by a scanner that contains the processing intensity values for each spot. The intensity of each spot indicates the binding intensity of the probe to the gene. The impute package was used to predict the expression values of genes that were not measured. This imputation method is based on the Knn (k-nearest neighbor) algorithm. The Knn method searches for other genes with similar expression profiles to the genes with missing values, and the missing values are then filled in using the expression values of these similar genes (8) . The normalizeBetweenArrays function in the limma package was applied to normalize the intensity of expression (9) . Then, t-tests were performed in the limma package to identify deGs. The threshold value for deGs was selected by a P-value <0.05 and |log 2 fold change (FC)| ≥1.
GO function and KEGG pathway analyses. Functional annotation tools were provided by the database of annotation, Visualization and integrated discover (daVid, david.abcc. ncifcrf.gov/) to comprehend the biological function of the genes. Go function analysis was applied to annotate deGs from biological processes (BP), cellular components (CC) and molecular functions (MF), and KeGG was applied to annotate the deG pathways. Subsequently, we selected the false discovery rate (Fdr) as a screening criterion, to limit the Fdr to an acceptable range while testing as many positive results as possible.
TF enrichment analysis. The enrichr (amp.pharm.mssm. edu/lib/chea.jsp) and WebGestalt software (www.webgestalt. org/option.php) were applied to select key TFs involved in the regulation of deGs in T2dM. The threshold value of enrichment was selected by a P-value <0.05. Significant TFs that regulated the deGs were selected.
PPI network construction and analysis. Since proteins rarely perform biological functions independently, it is important to be aware of protein interactions by studying functional groups. a PPi network was established by the STrinG app (http://apps.cytoscape.org/apps/stringapp) in cytoscape software version 3.6.0. The software used the default parameters for analysis, and the connectivity degree of each node in the network was calculated by connectivity analysis. deGs with a degree of connectivity ≥5 were defined as having high degrees of connectivity and were used to screen for core genes.
Screening for core genes. Core genes were identified using the following 3 conditions: i) participation in the enriched KeGG pathways; ii) calculated to have a high degree of connectivity; and iii) a target gene of key TFs.
Cells and cell culture. The mouse pancreatic β-cell line, Min-6, was obtained from the american Type culture collection (aTcc). The low-glucose group cultured in low-glucose Dulbecco's modified Eagle's medium (Thermo Fisher Scientific, Inc.) with 15% fetal bovine serum (Thermo Fisher Scientific, Inc.), 1% antibiotics (100 U/ml penicillin; 100 u/ml streptomycin) and 5 µM 2-Mercaptoethanol (Sigma-aldrich co., llc). in addition to the same components as the low-glucose group, the high-glucose group additionally dissolved α-D-glucose (Solarbio) at a final concentration of 25 mM in the medium. all cells cultured in the atmosphere containing 5% co 2 at 37˚C for 2 weeks.
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total rna was extracted from the 2 groups with using Purelink™ rna Mini kit (Thermo Fisher Scientific, inc.) according to the manufacturer's protocol. rna quality was detected by Nanodrop 2000 (Thermo Fisher Scientific, Inc.). The synthesis of cdna was using a SuperScript iV first-strand cdna synthesis kit (Thermo Fisher Scientific, inc.) according to the rT-Pcr manufacturer's protocol. qPcr was performed with an ABI StepOnePlus™ system (Thermo Fisher Scientific, Inc.) using the PowerUp™ SYBR™-Green Master Mix kit (Thermo Fisher Scientific, Inc.). The cycling conditions were as follows: UDG activation 50̊C for 2 min; denaturation 95̊C for 2 min; followed by 40 cycles of 95̊C for 15 sec; 60̊C for 1 min; 62̊C for 1 min. The primer sequences were as follows: alanyl aminopeptidase, membrane (ANPEP) forward, aTG Gaa GGa GGc GTc aaG aaa and reverse, cGG aTa GGG cTT GGa cTc TTT; serpin family G member 1 (SERPING1) forward, TaG aGc cTT cTc aGa Tcc cGa and reverse, acT cGT TGG cTa cTT Tac cca; and GaP dH forward, aGG TcG GTG TGa acG GaT TTG and reverse, TGT aGa cca TGT aGT TGa GGT ca. The relative expression of ANPEP and SERPING1 were normalized to GaPdH and analyzed using the 2 -ΔΔcq method (10) .
Statistical analysis. Statistical analyses were performed in GraphPad Prism 8.0 software (GraphPad Software, inc.). Statistical analysis in this study was performed by two-tailed Student's t-tests. The data from each group are expressed as the means ± standard error of the mean, and a P-value <0.05 was considered to represent a statistically significant difference.
Results

Identification of DEGs.
The results of standardizing the microarray gene expression are displayed in Fig. 1 . This process yields the intensities in a set of arrays similar distributions. The expression dataset was selected using the limma package (P-value <0.05, |log 2 FC| ≥1) in R software. Overall, 329 deGs were obtained, including 208 upregulated and 121 downregulated genes. a volcano diagram was constructed for the deGs and is presented in Fig. 2 . The top 100 deGs are presented by a cluster heatmap in Fig. 3 .
GO function and KEGG pathway analysis.
Go functional analysis and KeGG enrichment pathway analysis in the daVid online software were applied for a deeper comprehension of the identified DEGs. The GO functional analysis of the deGs was divided into 3 functional groups, including BP, CC MF. The significant results are presented in Fig. 4 and Table I . In the BP group, the upregulated genes were mainly clustered in defense response, regulated exocytosis and the acute inflammatory response, and the downregulated genes were mainly clustered in regulation of ion transport, heart contraction and heart process. For the cc group, the upregulated genes were primarily clustered in extracellular space, extracellular region part, and extracellular region. The downregulated genes were primarily clustered in extracellular space and extracellular region, as well as a cluster of actin-based cell projections. The upregulated genes in the MF group were mostly clustered in peptidase regulator activity, endopeptidase inhibitor activity, and endopeptidase regulator activity, and the downregulated genes were mostly clustered in insulin-like growth factor binding, growth factor binding, and channel regulator activity. The top significantly enriched KEGG pathways for the deGs were also displayed by the daVid online software and are presented in Table ii . The upregulated genes were associated with pancreatic secretion and the complement and coagulation cascades, while the downregulated genes were involved in carbohydrate digestion and absorption, insulin secretion, and the Toll-like receptor (Tlr) signaling pathway.
TF enrichment analysis. Key TFs that are associated with T2DM were identified by WebGestalt and Enrichr software. The results revealed that hepatocyte nuclear factor 1-alpha (HNF1A), signal transducer and activator of transcription 3 (STAT3) and glucocorticoid receptor (GR) were involved in the regulation of the deGs. as shown in Fig. 5 , HnF1a, STaT3 and Gr regulate 8, 2 and 4 deGs, respectively, in pancreatic β-cells.
PPI network construction and module screening. The deG expression products in T2dM were constructed into PPi networks using the STRING app in Cytoscape software. By removing the separated and separately connected nodes, a complex network of deGs was constructed and is presented in Fig. 6 . cytoscape software was applied to calculate the connectivity of each node in the PPi network. Twenty deGs . differential expression of data between two sets of samples. red points represent upregulated genes screened on the basis |log2 fold change|≥1 and P-value <0.05. Green points represent downregulated genes screened on the basis |log2 fold change|≥1 and P-value<0.05. Black points represent genes with no significant difference. FC, fold change. Figure 3 . Heatmap of top 100 deGs. red represents the expression of genes is relatively up-regulated, green represents the expression of genes is relatively down-regulated, and black represents the expression of genes is no significant. DEGs, differential expression genes. T2DM, type 2 diabetes mellitus.
were selected by a degree of connectivity ≥5. The degrees of connectivity of all nodes are shown in Table iii .
Screening for core genes. The Venn diagram presented in Fig. 7 illustrates the overlaps between deGs that are involved in the enriched KeGG pathways, that exhibit a high degree of connectivity, and that are regulated by key TFs.
When comparing genes in the KEGG pathways and with a high degree of connectivity, there were 6 overlapping genes: carboxyl ester lipase (CEL), serine protease 3 (PRSS3), carboxypeptidase B1 (CPB1), complement c3 (C3), renin (REN) and kallikrein 1 (KLK1). When comparing genes in the KeGG pathways and those regulated by key TFs, the overlapping gene was FXYd domain containing ion transport regulator 2 (FXYD2). When comparing genes with a high degree of connectivity and those regulated by key TFs, there were 2 overlapping genes: albumin (ALB) and c-c motif chemokine ligand 2 (CCL2). Finally, two core genes were identified that were present for all three conditions: SERPING1 and ANPEP.
Identification of ANPEP and SERPING1 expression. To investigate the expression ANPEP and SERPING1, and expression was assessed by comparing the high-glucose group with the low-glucose group. The results of rT-qPcr indicated that ANPEP (P-value <0.01) and SERPING1 (P-value <0.05) were expressed at a higher level in the high=glucose group compared with the low-glucose group (Fig. 8) . These findings indicate that ANPEP and SERPING1 may be associated with high glucose levels in pancreatic β-cells.
Discussion
The rapid development of high-throughput sequencing technology allows biological problems to be addressed by gene sequencing. currently, high-throughput sequencing is beginning to be widely used to find candidate genes for numerous diseases. Since the pathogenesis of T2dM is not clear, comprehension of the molecular mechanisms of T2dM is required for non-invasive diagnosis and targeted therapies.
laser capture microdissection (lcM) technology has been utilized to extract samples. lcM obtains target cells directly from frozen or paraffin-embedded tissue sections without destroying the surrounding tissue morphology. it is often utilized to accurately separate individual cells from tissue (11) . The accurate separation of pancreatic β-cells from heterogeneous tissue is a prerequisite for continuous and meaningful bioinformatic analysis. Marselli et al gathered pancreatic β-cells from patients with T2dM and healthy controls by lcM for microarray analysis. in this study, we extracted the expression data from GSE20966, and identified 208 upregulated and 121 downregulated deGs by bioinformatic analysis. To further investigate the interactions between the deGs, Go function and KeGG pathway enrichment analyses were performed.
The Go analysis indicated that the upregulated deGs were primarily involved in the defense response, regulated exocytosis, and the acute inflammatory response, while the downregulated deGs were primarily associated with regulation of ion transport, heart contraction and process and the regulation of signaling. insulin resistance and pancreatic β-cell structural dysfunction are caused by an inflammatory KeGG, Kyoto encyclopedia of Genes and Genomes; deGs, differential expression genes; T2dM, type 2 diabetes mellitus; Fdr, false discovery rate. . PPi network of deGs. circular nodes represent deGs. increasing degree is indicated by larger nodes, labels and darker color. red represents that the nodes degree ≥20, yellow represents that the nodes degree ≥10 and <20, green represents that the nodes degree ≥2 and <10, and grey represents that nodes degree=1. PPi, protein-protein interaction. deGs, differential expression genes.
response and lead to the development of T2dM (12,13). Moreover, the knockdown of the na + /K + aTPase subunit FXYd2 in the ion transport pathway improved mouse pancreatic β-cell proliferation and glucose tolerance (14, 15) . Furthermore, the enriched KeGG pathways of the upregulated deGs were involved in pancreatic secretion and the complement and coagulation cascades. The complement pathway is primarily related to host defense and inflammation (16) . The expression of c1q and c5a in the complement pathway are associated with diabetic vascular complications, such as diabetic retinopathy and diabetic nephropathy (17, 18) . The downregulated deGs were primarily involved in carbohydrate digestion and absorption, insulin secretion and the Tlr pathway. Solute carrier family 2 member 2 (SLC2A2) was associated with carbohydrate digestion, absorption pathway and the insulin secretion pathway. Slc2a2, also known as glucose transporter 2 (GLUT2), is the transmembrane carrier protein that transports glucose primarily in the liver and blood (19) . Slc2a2 can detect the presence of extracellular sugar and signal to regulate insulin secretion by the pancreatic β-cells (20) . Mutation of the SLC2A2 gene conveys a high risk for the conversion of impaired glucose tolerance (iGT) patients to T2dM patients (21) . The Tlr pathway can promote the synthesis of many cellular activity factors, adhesion molecules and inflammatory factors, ultimately affecting immunity and the inflammatory response (22) . The Tlr pathway is associated with the pathogenesis and development of diabetes (23) . intercellular adhesion molecule-1 (ICAM-1) exhibits an upregulated expression in the retinal e ndothelial cells of diabetic retinopathy rats. Through the accumulation and adhesion of leukocytes, icaM-1 can cause retinal vascular damage and destroy the blood-retinal barrier (24) . rajamani and Jiala found that TLR2 and TLR4 expression were upregulated in hyperglycemia-induced human microvascular retinal endothelial cells (HMVrecs), and activated nF-κB to produce biomediators of inflammation and ICAM-1 (25) . Therefore, these pathways Gene  degree  Gene  degree  Gene  degree  Gene  degree   ALB  33  SLC2A2  4  TYROBP  2  CHL1  1  ren  11  clPS  4  aldH1a3  2  TrHde  1  ccl2  10  reG1a  4  SerPina5  2  nPPc  1  C3  10  SERPINA4  4  SV2B  2  SERPINI2  1  CAD  9  MMP7  4  REG1B  2  REG3A  1  TLR4  9  LY96  4  MC3R  2  RENBP  1  lYZ  8  STX1a  4  GPr45  2  arG2  1  cTGF  7  ProM1  3  c9  2 
PPi, protein-protein interaction.
are most likely to be important in the development of diabetes and diabetic complications. additional studies are required to identify all the deGs in T2dM.
The primary function of TFs is to bind a specific site of a gene and regulate the expression of the target gene in the cell. in this study, the TFs, HNF1A, STAT3 and GR, were shown to be potential modulators of T2dM. HnF1a belongs to the HnF1 homeobox family, and HnF1a is essential for the regulation of pancreatic β-cell differentiation. The i27l polymorphism of HnF1a decreases β-cell mass or impairs function and leads to a high risk of T2dM (26, 27) . HnF1a is a key transcription factor mediating the expression of dipeptidyl peptidase-4 (DPP4) and angiotensin converting enzyme 2 (ACE2) in pancreatic β-cells, both of which may have therapeutic potential for T2dM (28, 29) . notably, ace2 expression activates STaT3, shown herein to be an important TF. The activation of the JaK/STaT3 pathway has been reported to encourage the development of vasculopathy in T2dM (30) . However, Tiano et al concluded that the activation of STaT3 signaling inhibits the synthesis and accumulation of fatty acids in pancreatic cells of diabetic mice induced by a high-fat diet, thus preventing pancreatic β-cell damage (31) . in addition, STaT3 signaling activation has been demonstrated to enhance the function of insulin secretion (32) . This indicates that STaT3 is a double-edged sword in the development of T2dM, preventing the pancreatic cells from further damage and maintaining the secretion of insulin, while aggravating the development of vascular complications. Gr, also known as nr3c1, is the receptor bound by cortisol and other glucocorticoids. Recent studies have demonstrated that the Bcl1 polymorphism in intron 2 of Gr is associated with insulin resistance and hyperinsulinemia, although the underlying mechanisms remain unclear (33, 34) . Therefore, additional research is required to explore the role of Gr in T2dM insulin resistance.
in this study, we also constructed a PPi network for the deGs, and there were 4 genes with a connectivity level ≥10: ALB, REN, C3 and CCL2. ALB was the deG with the highest degree of connectivity. The serum glycated ALB level in patients with T2DM is related to coronary artery disease (CAD). As the level of serum glycated ALB increases, the presence and severity of cad increases (35, 36) . rodiño-Janeiro et al also reported that the elevated expression of glycated ALB upregulated NAPDH oxidase in vitro, and the enhanced oxidative stress may mediate diabetic vasculopathy (37) . ren is important in the development of diabetic vasculopathies, such as diabetic retinopathy and diabetic nephropathy (38, 39) . a subsequent study using biopsy samples from diabetic patients revealed that renin plays a role in diabetic vascular disease by activating a renin-angiotensin system (40) . in this study, we found that the gene expression of C3 (log 2 Fc=1.44, P-value <0.01) was upregulated in pancreatic β-cells of patients with T2dM. in the complement signaling pathway, c3 is a key protein in both the alternative pathway and the classical pathway. elevated rates of diabetes and insulin resistance are closely related to increased serum c3 (41-43). The main feature of T2dM is pancreatic β-cell damage and dysfunction, due to a shift of β-cell status from proliferative to apoptotic (44) . notably, a recent study demonstrated that c3 stimulated intracellular calcium and aTP levels by activating the c3/c3ar signaling pathway, and increased glucose-dependent insulin secretion and protection against apoptosis (45) . dos Santos et al also reported that c3 silencing led to apoptosis under normal physiological conditions and following exposure to cytokines. The addition of exogenous c3 prevents cytokine-induced apoptosis in β cells through c3-mediated activation of the aKT signaling pathway and inhibition of c-Jun n-terminal kinase activity (46) . Therefore, it is conceivable that elevated c3 may have a protective effect on apoptosis in T2dM, indicating that c3 may be a potential therapeutic target for T2dM. ccl2 belongs to the cc chemokine family, and is also known as monocyte chemoattractant protein 1 (MCP1). In vitro studies on patients with proliferative diabetic retinopathy have demonstrated that the level of CCL2 is significantly increased in patients compared with healthy controls (47) . liu et al found that hyperglycemia may affect hypomethylation of the cpG site in the CCL2 promoter region, and enhanced differential expression of serum ccl2 was important in the occurrence and development of vasculopathy in T2dM (48) . recent studies have proposed that the CCL2 2518a/G polymorphism is associated with diabetic retinopathy in T2dM; as the number of G alleles increased, the prevalence of diabetic retinopathy was elevated (47, 49) .
in the present study, we identified two core genes, SERPING1 and ANPEP. SerPinG1, also known as the c1-inhibitor (C1INH), is a protease inhibitor that belongs to the SerPin superfamily. The STaT3 signaling pathway regulates the expression of SerPinG1. The function of SerPinG1 is to inhibit activation of both the classical pathway and the lectin pathway to reduce production of c3 convertase. notably, the expression levels of SERPING1 and C3 were both upregulated in this study, indicating that the activation of the complement system may be achieved by the alternative pathway. The accumulation of c3 in vivo is probably caused by the effect of SERPING1 inhibiting C3 convertase. We hypothesized that the STaT3 signaling pathway stimulates the expression of SerPinG1 and promotes the accumulation of c3 to produce an anti-apoptotic effect in pancreatic β-cells. Moreover, the SerPinG1-mediated regulation of the complement pathway may inhibit the inflammatory response in pancreatic β-cells. Thus, SerPinG1 may play a dual role, an anti-inflammatory one, while maintaining an anti-apoptotic effect. Further studies are required to confirm this hypothesis. ANPEP, a broadly specific aminopeptidase, is associated with a number of cellular process, including cell proliferation, apoptotic differentiation, angiogenesis, and chemotaxis (50) . The results presented in Fig. 5 suggest that HnF1a simultaneously regulates the expression of ANPEP and ALB, and that there is an interaction between ALB and ANPEP. Expression of ALB stimulates the production of reactive oxygen species (roS) by the nadPH enzyme to activate oxidative stress (37) . The expression levels of both anPeP and ren in our study are upregulated. Both of them activate the renin-angiotensin signaling pathway to stimulate roS generation. Pancreatic β cells are more sensitive to roS, and so this can lead to direct damage of pancreatic β cells and promote apoptosis. Therefore, we suggest that HnF1a-mediated anPeP and ALB expression may accelerate pancreatic β-cell damage and insulin resistance through oxidative stress. Pedersen et al compared the direct overlap between heterogeneous islet diabetes-associated genomes by genome-wide association studies (GWAS) to establish ANPEP as a diabetes susceptibility gene (51) . locke et al found that ANPEP had a significant allelic expression imbalance by comparing the allelic expression of rna and dna from islets of diabetic and non-diabetic individuals. This suggests that anPeP is a pathogenic gene for T2dM (52) . However, the precise mechanisms of action of anPeP in T2dM remain unknown, and further research is required to confirm this hypothesis. In our further studies, we aim to validate the selected SERPING1 and ANPEP genes in T2dM tissue samples from patients and animal models.
in conclusion, in the present study, we conducted a thorough bioinformatics analysis of deGs by GSe20966 data screening and identified several genes implicated in the development and progression of T2DM. A total of 329 genes were identified, of which SERPING1 and ANPEP are probable core genes of T2dM. This study reveals a series of valuable genes for further research into the non-invasive diagnosis and targeted therapy of T2dM. However, bioinformatics analyses merely indicate a general direction for further research. To confirm the functions of deGs in T2dM, molecular biology experiments are required.
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